We report the characterization of a zebra®sh DnaJ-like protein, homologue to the human Hsp40 protein hdj1, that we named zf-Hsp40. We have studied its expression during ®n regeneration and we show that zf-Hsp40 mRNA level is drastically increased in all ray segments beneath the regenerated part, or blastema, in response to caudal ®n amputation. In order to investigate whether zf-Hsp40 is part of a stress response system after injury, we studied the expression of the zebra®sh Hsc70 transcript. Our results show a correlation between the expression of the two transcripts. q
Results and discussion
The regenerative ability of complex body structures found in some living organisms consists of a morphological and functional rebuilding of the missing organ (Brockes, 1997) .
Teleosts are one of the few vertebrae able to regenerate their whole ®n structure and function after partial amputation (Santamaria and Becerra, 1991) . When amputated, the ®n of adult zebra®sh rapidly regenerates the missing part (Johnson and Weston, 1995) . Like limb regeneration in adult urodeles, ®n regeneration proceeds through different stages starting with wound healing or cicatrization, followed by de-differentiation, cellular proliferation, cellular differentiation and organogenesis until the size and form of the missing part are totally replaced (Tsonis, 1991; Santamaria and Becerra, 1991; Geraudie and Ferretti, 1998) .
To date, studies at the molecular level have focused on analyzing the expression of some genes that play fundamental roles during ®n development, and are not normally expressed in non-injured ®ns of adult zebra®sh. Among molecules that may play a key role in patterning of the ®n or may be involved in growth of the regenerate are retinoI È ds and their receptors (White et al., 1994) , segment polarity genes, FGFs and their receptors, bone morphogenetic genes (bmp) and homeobox containing genes (Geraudie and Ferretti, 1998) . All these factors are expressed in the new growing ®n or blastema. Nevertheless, cells underlying the level of amputation are subject to mechanical stress caused by a severe injury. Therefore, it was interesting to speculate the expression of some heat shock proteins (HSPs).
Materials and methods
The EST of the zf-Hsp40 clone (439 bp) was obtained by screening a zebra®sh ®n day 1 regenerates library (Johnson et al., EMBL: AI330679) . Sequencing of this cDNA provided evidence for an open reading frame encoding a 364 amino acid polypeptide (Fig. 1 ). The DnaJ protein is known to have three distinct domains (Caplan et al., 1993; Silver and Way, 1993; Bork et al., 1992) . A 70 amino acid stretch at the N-terminus, termed J domain, is highly conserved in all homologues. Distal to the J domain is a sequence rich in glycines and phenylalanines (G/F domain). A cystein-rich region (C domain) is also present in the middle of the protein (Ohtsuka, 1993) . zf-Hsp40 protein possesses the J and G/F domains, but lacks the C domain (Fig. 1) .
We analyzed by in situ hybridization the site of zf-Hsp40 and Hsc70 (Santacruz et al., 1997) mRNA expression in caudal ®ns. The mRNA level of zf-Hsp40 is of very low abundance in the non injured caudal ®n (Fig. 2H) as well as Hsc70 (data not shown). As early as 24 h post-amputation, all ray segments beneath the wound epidermis showed high levels of zf-Hsp40 and Hsc70 expression, while no expression was detected in the regenerated part ( Fig. 2A,B) . At 3 days after amputation, the intense staining was still observed beneath the proliferating mesenchymatous blastema (Fig. 2C,D) . A high level of zf-Hsp40 and Hsc70 expression was maintained until at least 5 days after amputation (Fig. 2E,F) . This expression then progressively declined to basal level similar to control non amputated caudal ®n for zf-Hsp40 (Fig. 2G ) and for Hsc70 (data not shown).
Frozen sections of whole-mount ®ns were performed to analyze the cellular distribution of zf-Hsp40 and Hsc70 transcripts. A strong expression was detected in the osteoblasts, a set of cells that surround the bone part of the rays (Fig. 3) .
In addition to its expression in the central nervous system of 24 h zebra®sh embryos and during caudal ®n morphogenesis (not shown), zf-Hsp40 mRNA seems to be induced in a very speci®c manner after caudal ®n amputation. No expression is detected in the caudal ®n following exposure of adult zebra®sh to heat shock for 1 or 2 h at 378C, nor to 4% ethanol for 15 min (not shown). According to several obser- Fig. 1 . Sequence comparison of zf-Hsp40 with other mammalian DnaJ-related proteins. The zf-Hsp40 sequence lack the initiation start codon at the 5 H end, while full sequence is available at the 3 H end (cDNA sequence includes the poly(A) tail). The J domain is boxed and G/F domain is underlined. The gaps in sequence were introduced in order to maximize the sequence alignments. zf, zebra®sh; H, Human; M, mouse.
vations, Hsp40 proteins may play divergent roles in the recovering of cells from stress (Paschen et al., 1998) . They can form complexes with the heat shock proteins Hsp70 and Hsc70 and stimulate the Hsc70 ATPase activities by increasing several fold the rate of ATP hydrolysis (Minami et al., 1996) . They also have the ability to bind unfolded polypeptide on their own (Hendrick et al., 1993; Langer et al., 1992) . Moreover, it has been shown that the human hdj1 directly interacts and inhibits P58 IPK (Melville et al., 1997) , which may be important in mediating different forms of stress-related apoptosis (Der et al., 1997) .
Methods used in this study are described in Monnot et al. (1999) and Xu et al. (1995) . 
